Background/Aims: Vascular complications are the main reasons for disability and mortality associated with type 2 diabetes mellitus (T2DM) and numerous microRNAs (miRNAs) are involved in this process. Our previous study demonstrated that miR-4463 was increased in the plasma of T2DM patients combined with arteriosclerosis of low extremity artery (ASO). However, the role of miR-4463 remains unclear. Methods: miR-4463 expression in the vascular tissues of patients with ASO and T2DM and in human umbilical vein endothelial cells (HUVECs) was detected by qPCR. Cell survival and apoptosis was analyzed via Cell Counting Kit-8 and flow cytometry assays, respectively. Protein expression was determined by Western blot and protein subcellular localization was detected with immunofluorescence. A dualluciferase assay was used to elucidate the target gene of miR-4463. Results: miR-4463 was elevated in the vascular tissues of patients with T2DM and ASO. In HUVECs, both 25 mmol/L glucose (high glucose, HG) and hypoxia induced miR-4463 expression. Downregulation of miR-4463 promoted HUVEC survival and reduced cell apoptosis under HG and/or hypoxic conditions by facilitating the expression of protein phosphatase-1 nuclear targeting subunit (PNUTS), X-linked inhibitor of apoptosis protein (XIAP), p-AKT, p-Bad, increased the Bcl-2/Bax ratio, as well as downregulated cleaved caspase 3 expression. Mechanistically, we identified PNUTS as a direct target gene of miR-4463. Both the inhibition of AKT phosphorylation and silencing of PNUTS diminished the effect of miR-4463 on HUVEC apoptosis. Moreover, downregulation of miR-4463 enhanced PNUTS to enable PTEN nuclear localization, which 
Introduction
Diabetes mellitus (DM) characterized by hyperglycemia is probably the most common metabolic disease worldwide and has become a global threat to human health [1, 2] . Among life-threatening DM cases, the majority are type 2 DM (T2DM), and associated complications include long-term damage, dysfunction, and failure of vital organs such as eyes, kidneys, nerves, and blood vessels. In particular, macrovascular complications have become the primary cause of disability and death [3, 4] .
Vascular endothelial cell (EC) death and dysfunction are associated with a reduced thromboresistance and vasodilation of the vessel wall and may be an important risk factor of vascular complications in DM. Hyperglycemia-induced EC dysfunction and damage are the early steps in this process. High-glucose (HG) treatment readily induces ECs to be apoptotic, pro-inflammatory or anti-angiogenic. MicroRNAs (miRNAs) are endogenous 18-to 25-bp non-coding RNAs that fulfill a variety of cellular functions generally by interaction with the 3′-UTR of target genes to suppress their transcription, or translation [5] . Accumulating evidence has demonstrated that miRNAs play crucial roles in EC function and dysfunction, and numerous miRNAs directly or indirectly regulate the expression of a great deal of genes involved in glucose-induced stress [6, 7] . The characterization of miRNAs in ECs has opened novel diagnostic and therapeutic options for the prevention of vascular diseases and T2DM. However, it remains a challenge to define the major regulators in these processes. We have previously demonstrated a novel potential biomarker, miR-4463, which showed remarkably elevated expression in the plasma of patients with T2DM and patients with T2DM combined with arteriosclerosis obliterans of low extremity arteries (ASO) [8] , suggesting that miR-4463 may be involved in the pathogenesis of T2DM and vascular disease. We further discovered that miR-4463 was induced by H 2 O 2 in a concentration-dependent manner, and miR-4463 promotes H 2 O 2 -induced human umbilical vein EC (HUVEC) apoptosis by enhancing oxidative stress and cellular ROS [9] . However, the function and mechanism of miR-4463 in hyperglycemia has not been investigated to the best of our knowledge, and we sought to explore the role of miR-4463 in diabetes and ischemia. miRNAs exert functions by interaction with target genes. Among the predicted target genes of miR-4463, protein phosphatase-1 nuclear targeting subunit (PNUTS) attracted our attention. PNUTS, also known as PPP1R10, CAT5, and p99, was originally isolated as a nuclear protein that forms a stable complex with PP1-α and PP1-γ in mammalian cells [10, 11] . PNUTS plays an essential role in chromatin decondensation, tumor suppression, and DNA damage response by interaction with PP1, retinoblastoma and PTEN [12] [13] [14] . It was reported that PNUTS contributes to cellular responses to environmental stress including hypoxia and DNA damage and is a central factor in myocardial ischemia. Forced PNUTS expression protected cardiomyocytes and HUVECs from apoptosis [15, 16] . These findings suggest that PNUTS may also function in high-glucose-and hypoxia-induced stress, and this needs to be further investigated.
The current study was undertaken to determine the change in miR-4463 expression in patients with combined T2DM and ASO and then to specifically delineate the role of miR-4463 in HG and/or hypoxia-induced cell apoptosis in HUVECs. We found that miR-4463 is an upregulated miRNA in the vascular tissues of patients with T2DM and ASO as well as in HUVECs treated with HG and/or hypoxia. We further revealed that downregulation of miR-4463 facilitated HUVEC survival under HG and/or hypoxic conditions and elaborated on the probable molecular mechanism. 
Materials and Methods

Characteristics of participants and sample collection
In total, 16 patients diagnosed with T2DM combined with ASO whose limbs were necrotic and required amputation, and 10 controls from the Affiliated Hospital of Southwest Medical University were enrolled in this study. The diagnosis of T2DM was made according to fasting glucose level ≥7.0 mmol/L or 2-h postprandial plasma glucose level ≥11.1 mmol/L. Individuals with critical illness within the previous 6 months, such as cancer, renal failure, and cardiovascular diseases, were excluded. Pathological femoral arterial tissues were collected after amputation from the 16 patients with ASO and 10 normal femoral arterial tissues were obtained from healthy adults who underwent amputation following an accident. Tissues were immediately preserved in liquid nitrogen until RNA extraction. This study was approved by the Ethic Committee of Southwest Medical University, and informed consent was provided by all patients.
Cell culture Primary HUVECs were purchased from ScienCell Research Laboratories (Carlsbad, CA) and grown in complete EC medium (ECM) containing 5% heat-inactivated fetal bovine serum (FBS), 1% EC growth factors (ECGS), and 1% penicillin and streptomycin (P/S). ECM, FBS, ECGS, and P/S were purchased from ScienCell Research Laboratories. Cells at the third to fifth passage in the logarithmic phase were used for all experiments.
T2DM combined with ASO is a complex disease, and in vitro, several stimulating factors such as HG, advanced glycation end products, oxidized LDL, and serum starvation combined with hypoxia have been used to build cell models [4, 17, 18] . In this study, HUVECs were cultured in ECM with 25 mmol/L D-glucose to mimic hyperglycemia (HG group), and in ECM without FBS and ECGS at 1% O 2 to mimic ischemia-induced tissue starvation (Hypoxia group). To simulate hyperglycemia combined with tissue starvation, HUVECs were cultured in HG for 24 h and then cultured in ECM with 25 mmol/L D-glucose, 1% O 2 , without FBS and ECGS, for 1 h, 2 h and 4 h (HG + hypoxia group).
Transfection miR-4463 mimic (50 nmol/L), miR-4463 inhibitor (100 nmol/L), or its negative control (NC, 100 nmol/L) were used in this study. All of the oligonucleotides were purchased from RiboBio Co., Ltd. (Guangzhou, China). After transfection for 12 h, the culture medium was replaced with fresh medium. After 24 h, HUVECs were exposed to HG and/or hypoxia and analyzed using cell viability assay, flow cytometry, Western blot, and immunofluorescence.
PNUTS knockdown was achieved by using PNUTS siRNA according to a previously published study [19] : PNUTS siRNA1, ACAAUUGGCUGACGUAUUC; siRNA2, GCAGACCCGUUCACCAGAA. Our preliminary study showed that siRNA at 100 nmol/L reduced the PNUTS protein level more effectively than 50 nmol/L; therefore, 100 nmol/L PNUTS siRNA was used throughout the study. The cells were prepared for further analysis 72 h after transfection.
RNA extraction and real-time PCR
Total RNA from plasma and tissues was extracted as previously reported [8] . Input RNA (500 ng) was reverse transcribed to cDNA using a miScript II RT Kit (QIAGEN, Duesseldorf, Germany) according to the manufacturer's instructions. miRNA expression analysis was performed using the miScript SYBR Green PCR kit in an ABI StepOne Plus PCR system (Thermo Fisher Scientific, Waltham, MA, USA). Caenorhabditis elegans miRNA 39 (cel-miR-39) and snRU6 (U6) were selected as reference genes for plasma and tissues respectively. Each experiment was performed in triplicate, and the 2 −ΔΔCt method was applied to analyze data.
Cell viability assay
HUVECs were plated at 3×10 3 cells per well in 96-well plates. Cells were transfected and treated as described aforementioned. After that, cells were fixed with 4% paraformaldehyde for 15 min and stained with DAPI for 10 min. The cell number was calculated using a CellInsight CX5 High Content Screening system (Thermo Fisher Scientific). 
Flow cytometry
Apoptosis assays were performed using an FITC Annexin V Apoptosis Detection Kit (BD Biosciences Pharmingen, San Jose, CA, USA) according to the manufacturer's instructions. Apoptotic cells were analyzed using flow cytometry (BD FACSVerse, BD Biosciences Pharmingen).
Isolation of nuclear extracts
Nuclear extracts of HUVECs were isolated using a Minute TM Plasma Membrane Protein Isolation Kit (Invent Biotechnologies, Eden Prairie, MN, USA). Briefly, HUVECs were transfected with NC, miR-4463 inhibitor, or PNUTS siRNA and treated with HG and/or hypoxia. Approximately 2 × 10 6 cells were collected and resuspended in 200 µL buffer A and then incubated on ice for 10 min. The suspension was transferred to protein extraction filter cartridges after shaking for 30 s. Next, the cartridges were centrifuged at 16, 000 g for 30 s. The pellets were resuspended by vigorously vortexing for 10 s, and then centrifuged at 700 g for 1 min to obtain the intact nuclei in the pellets. The pellets were lysed in 100 µL RIPA lysis buffer and incubated on ice for 30 min followed by centrifugation at 15, 000 g for 15 min.
Western blot
Cells were lysed with RIPA buffer, and 30 µg of total protein was loaded and separated on 10% SDS-PAGE gels and transferred onto polyvinylidene difluoride (PVDF) membranes. After blocking with nonfat milk, the membranes were incubated in primary antibody overnight at 4°C (anti-PNUTS, 1:1, 000; anticleaved caspase 3, 1:1, 000; anti-cleaved caspase 9, 1:1, 000; anti-PARP, 1:1, 000; anti-Bax, 1:1, 000; antiBcl-2, 1:1, 000; anti-p-AKT [Ser-473], 1:1, 000; anti-AKT, 1:1, 000; anti-p-Bad [Ser-136], 1:800; anti-Bad, 1:800; anti-PTEN, 1:1, 000; all from Cell Signaling Technology, Danvers, MA; or anti-XIAP, 1:3, 000; Abcam, Cambridge, England). GAPDH was used as loading control. Signals were detected after incubation with horseradish peroxidase-conjugated secondary antibodies (1:5, 000, Bioworld, Shanghai, China) for 1 h at room temperature. Images were scanned using a Fusion solo 4 (Vilber Lourmat Sté, Paris, France).
Immunofluorescence staining
HUVECs were seeded on 14-mm-diameter poly-L-lysine-coated cover slides, then followed with transfection and hypoxia and/or HG treatment as described above. Then HUVECs were fixed with 4% paraformaldehyde for 15 min and treated with 0.2% Triton X-100 for 8 min. Subsequently, cells were incubated with rabbit anti-PNUTS antibody (1:100) or anti-PTEN antibody (1:100) at 4˚C overnight. Next, cells were incubated with Cy3 or Alexa Fluor-labeled goat anti-rabbit IgG (1:500) at room temperature for 1 h. Afterwards nuclei were stained with DAPI at room temperature for 10 min. Finally, cells were visualized using a laser scanning confocal microscope (SP8; Leica, Wetzlar, Germany).
Luciferase reporter assay
A dual luciferase reporter assay was performed in HER 293T cells. Briefly, the human PNUTS wildtype and mutant 3′-UTR were amplified and subcloned into the psiCHECK 2 vector to generate the recombinant plasmid. For the luciferase reporter assay, HER 293T cells were cultured in 96-well plates and co-transfected with the wild type or mutant PNUTS 3′-UTR reporter plasmids and miR-4463 mimic or NC using Lipofectamine ® 2000 according to the manufacturer's protocol (Thermo Fisher Scientific). After 48 h, the cells were analyzed with a Dual-Luciferase Reporter Assay System (Promega, Madison, WI, USA) according to the manufacturer's instructions with a Lumat LB 9507 luminometer (Berthold, Nashua, USA).
Statistical analysis
All experiments were performed at least in triplicate. Data are expressed as the mean±SD. Demographic and clinical data between the groups were analyzed using Chi-squared and Student t tests. One-way ANOVA followed by the Student-Newman-Keuls test was used to analyze for differences in multiple comparisons. All analyses were performed using SPSS 19.0 software. P < 0.05 was considered to indicate a statistically significant difference.
Results
miR-4463 expression is increased in T2DM combined ASO patients and in HUVECs under
HG and/or hypoxic conditions miR-4463 expression was sharply increased in the vascular tissues of patients with T2DM and ASO (Fig. 1A) . To further clarify the effect of hyperglycemia and ischemia on miR-4463 expression, we determined miR-4463 expression in HUVECs after treatment with HG and/or hypoxia. As shown in Fig. 1B and 1C (Fig. 1D) . According to the miR-4463 expression changes, HUVECs were treated in HG for 24 h and hypoxia for 4 h in the following study.
Effect of miR-4463 on HUVEC survival under HG and/or hypoxic conditions
To investigate the functional role of miR-4463 in HUVECs under HG and/or hypoxic conditions, we first determined the number of HUVECs after transfecting with miR-4463 mimic, inhibitor, or NC followed by treatment with HG and/or hypoxia. We observed that transfection of miR-4463 inhibitor remarkably improved the number of HUVECs in HG and/ or hypoxic conditions compared with transfection of NC, but miR-4463 mimic had no obvious effect on HUVEC survival ( Fig. 2A) . We further evaluated apoptosis in the above conditions, and flow cytometry data indicated that, in HG and/or hypoxic conditions, downregulation of miR-4463 reduced HUVEC apoptosis compared with the NC group, while transfection of miR-4463 mimic induced higher levels of apoptosis but without a significant difference compared to the NC group (Fig. 2B) . We also determined the expression of apoptosis-related proteins including X-linked inhibitor of apoptosis protein (XIAP), which is a member of the IAP family with the capacity to inhibit apoptosis [20] , Bcl-2, Bax, and cleaved caspase 3 that is considered as a critical executioner of apoptosis. As shown in Fig. 3 , downregulation of miR-4463 alleviated HG-and/or hypoxiainduced cleaved caspase 3 levels and promoted the expression of XIAP. Furthermore, miR-4463 inhibitor remarkably increased the Bcl-2/Bax ratio. These results indicate that downregulation of 
miR-4463 directly targets PNUTS in HUVECs
Online miRNA target prediction databases (TargetScan and miRDB) showed that PNUTS was a candidate target gene for miR-4463. The predicted interactions between miR-4463 and its target sites in the PNUTS 3′-UTR are illustrated in Fig. 4A , which showed good base pairing with the seed region. We next investigated whether miR-4463 could directly bind to the 3′-UTR seed sequence of PNUTS mRNA. We subcloned part of the PNUTS 3′-UTR and its mutated version including the predicted miR-4463 binding sites into a luciferase reporter plasmid. The recombinant plasmid was introduced into HER 293T cells along with miR-4463 mimic or NC. The results showed that overexpression of miR-4463 reduced the luciferase reporter activity significantly compared to NC (Fig. 4B) . Furthermore, mutations in the PNUTS 3′-UTR that eliminated the predicted binding site with miR-4463 reversed the repression of the reporter activity caused by the overexpression of miR-4463, which suggests that miR-4463 directly targets PNUTS in the 3′-UTR. Since miR-4463 targeted PNUTS, we next analyzed whether regulation of miR-4463 had any effect on the expression of PNUTS. As shown in Fig. 4C , neither miR-4463 mimic nor inhibitor altered the expression of PNUTS mRNA. However, regulation of miR-4463 altered PNUTS protein expression in HUVECs (Fig. 4D) . Taken together, these data suggest that miR-4463 directly recognized and targeted PNUTS to negatively regulate its expression at the posttranscriptional level.
Downregulation of miR-4463 promotes HUVEC survival through PNUTS/AKT pathway
To investigate whether PNUTS is involved in miR-4463-regulated HUVEC apoptosis under HG and/or hypoxic conditions, we examined the expression of PNUTS. As shown in Fig. 5A , PNUTS expression was elevated in miR-4463 inhibitor-transfected HUVECs compared with NC. Recent studies showed that PNUTS could induce AKT phosphorylation and subsequently activate its downstream molecules to influence cell apoptosis [19] . Therefore, we investigated the expression of total AKT, p-AKT, and the downstream total Bad and p-Bad. The results showed that under HG and/or hypoxic conditions the miR-4463 inhibitor induced p-AKT and p-Bad, but without an effect on total AKT and total Bad. In order to elucidate how the enhanced p-AKT level is responsible for the anti-apoptotic effects of downregulation of miR-4463, we inhibited the phosphorylation of AKT with perifosine which could strongly reduce phosphorylation level of AKT. As shown in Fig. 5B , perifosine blocked the miR-4463 inhibitor-induced AKT phosphorylation and increased cleaved caspase 3 expression under HG and/or hypoxic conditions, which indicates that perifosine at least partly blocks the protective role of the miR-4463 inhibitor in HUVEC apoptosis. These 
results demonstrated that downregulation of miR-4463 protects HUVECs from apoptosis through strengthening AKT signaling pathway. We further knocked down the expression of PNUTS by siRNA to clarify its role in miR-4463-regulated apoptosis in HUVECs. As shown in Fig. 6A , we observed that PNUTS siRNA1 and siRNA2 both robustly inhibited the expression of PNUTS. We chose PNUTS siRNA1 for the following experiments for its better performance. We next detected cell apoptosis when both PNUTS siRNA and miR-4463 inhibitor were transfected in HUVECs undergoing HG and/ or hypoxia treatment and the results showed that silencing of PNUTS had the ability to block the miR-4463 inhibitor-mediated protective effect in HUVECs (Fig. 6B) . We further observed that silencing of PNUTS attenuated the phosphorylation of AKT and Bad also facilitating the cleavage of caspase 9 and caspase 3 (Fig. 6C) .
Downregulation of miR-4463 promotes PTEN nuclear localization and increased cytoplasmic PNUTS levels
PTEN and PHLPP are phosphatases in AKT pathway. Reduced cytoplasmic and membranal PTEN level decreased the conversion of phosphatidylinositol-3, 4,5-trisphosphate (PIP3), which is required for the activation of AKT, to phosphatidylinositol-4, 5-bisphosphate (PIP2) [21, 22] . Therefore, cytoplasmic PTEN maintains negative regulation of AKT activation. We next determined the PTEN subcellular localization and cytoplasmic level. As shown in Fig.  7A , transfection of HUVECs with miR-4463 inhibitor promoted PTEN nuclear localization compared with those transfected with NC under HG and/or hypoxic conditions. In addition, greater nuclear localization of PTEN was observed in combined HG and hypoxia stimulation than in cells treated with HG or hypoxia alone. HUVECs co-transfected with PNUTS siRNA1 and miR-4463 inhibitor displayed reduced cytoplasmic PTEN levels compared with those transfected with miR-4463 inhibitor alone, suggesting that silencing of PNUTS inhibits PTEN nuclear translocation. The cytoplasmic PTEN level is negatively associated with the p-AKT level; our previous study revealed that the miR-4463 inhibitor promoted AKT phosphorylation, and PNUTS siRNA attenuated this effect. Therefore, we next isolated the cytoplasmic proteins to evaluate whether the miR-4463 inhibitor and PNUTS siRNA influenced the cytoplasmic PTEN level. As shown in Fig. 7B , consistent with immunofluorescence staining, transfection of miR-4463 inhibitor decreased cytoplasmic PTEN levels compared to the NC group while PNUTS siRNA reversed this effect under HG and/or hypoxic condition. Since Kavela S et al. [19] reported that PNUTS specifically binds to PTEN and sequesters PTEN in the nucleus, to clarify the probable function of PNUTS in PTEN translocation in HUVECs, we then investigated PNUTS subcellular localization. As shown in Fig. 7C , PNUTS was almost exclusively located in the nucleus under normal conditions. Under HG and/or hypoxic conditions, we observed that the PNUTS subcellular localization shifted from the nucleus to the cytoplasm in the NC, inhibitor, and inhibitor + siPNUTS groups (et. 7D). Furthermore, compared with the NC group, the miR-4463 inhibitor group showed increased PNUTS cytoplasmic translocation and silencing of PNUTS attenuated this change in subcellular distribution. impacts AKT signaling pathway to effect HUVEC survival. To our knowledge, this is the first report about the role of miR-4463 in ECs under HG and/or hypoxia. miRNAs may guide ribosome binding to the 3′-UTR of the target genes and posttranscriptionally inhibit the translation of the target genes. Therefore, the functions of miR-4463 inevitably depend on the target molecules. Here we verified that PNUTS protein level was directly regulated by miR-4463 and it was a direct target of miR-4463. PNUTS has been reported to play an important role in DNA repair and chromosome decondensation [15, 23] . It also has a role in apoptosis in cancer cell lines, ECs and myocardial cells. Knockdown of PNUTS resulted in increased tumor cell apoptosis [19, 24] and accumulation of PNUTS enhanced HUVEC and myocardial cell survival under hypoxic conditions [15, 16] . In this study, we confirmed that HG and/or hypoxia induced the expression of miR-4463, and downregulation of miR-4463 protected HUVECs from HG-and/or hypoxia-induced apoptosis by directly targeting and regulating PNUTS and its downstream AKT signaling pathway. Our previous study has revealed that miR-4463 was involved in H 2 O 2 -induced oxidative stress and cell apoptosis in HUVECs and upregulation of miR-4463 exacerbated H 2 O 2 -induced damage [9] . Here, we elaborate on the function of miR-4463 in HUVECs under HG and/or hypoxia, overall, our results at least partly establish the role and the molecular mechanism of miR-4463 in HUVECs which gives us a better understanding of the relationship between altered miR-4463 expression and HUVECs survival under stress.
Previous studies have revealed that PNUTS is a catalytically inactive nuclear-localized protein [11, 19] . However, Landsverk HB et al. [23] reported that PNUTS was not absolutely localized in the nucleus since it was redistributed throughout the cytoplasm and displaced from chromosomes in prometaphase and metaphase. In our study, we firstly discovered that PNUTS was basically distributed in the nucleus under normal conditions in HUVECs, and it had the capacity to translocate from the nucleus to the cytoplasm under HG-and/or hypoxiainduced stress. Moreover, downregulation of miR-4463 promoted PNUTS translocation and silencing of PNUTS attenuated this effect, indicating that the translocation of PNUTS from the nucleus to the cytoplasm partly depends on the amount of protein. But our data do not address how PNUTS was transported to the cytoplasm, and whether other molecules assisted in this transport process remains unclear. Collectively, our results also support the notion that PNUTS is not exclusively localized to the nucleus but has the ability to translocate from the nucleus to the cytoplasm when necessary, such as when cells are under stress.
Several studies have been reported that PNUTS positively regulates AKT pathway to promote cell growth and proliferation, and suppresses apoptosis in a PTEN-dependent manner. PTEN is an important tumor suppressor primarily localized in the cytoplasm of ECs and may translocate to the nucleus after external stimulation [25] . Cytoplasmic PTEN functions to upregulate the cellular level of PIP3 that is required for the activation of AKT pathway [21, 26] that promotes cell growth and survival. Here, we also found that PNUTS positively regulated AKT phosphorylation in a PTEN-dependent manner in HUVECs. Kavela et al. [19] have shown that PNUTS interacts with PTEN specifically in the nucleus. Overexpression of PNUTS enhanced the PTEN nuclear pool, whereas knockdown of PNUTS reduced nuclear PTEN levels by directly interacting with PTEN. Nevertheless, how endonuclear PNUTS induces cytoplasmic PTEN to enter the nucleus remains unclear. In this study, we further elaborated on the regulatory mechanism underlying HG-and/ or hypoxia-stimulated relocalization of PNUTS to the cytoplasm, which was facilitated by downregulation of miR-4463, therefore interacted with and sequestered PTEN in the nucleus to regulate AKT phosphorylation in HUVEC. Silencing of PNUTS attenuated cytoplasmic PNUTS and nuclear PTEN levels, indicating that cytoplasmic PNUTS is essential for PTEN nuclear import. Therefore, we speculate that the mechanism underlying PNUTS regulation of AKT signaling pathway involves PNUTS translocation to the cytoplasm and interaction with PTEN to promote PTEN nuclear transport, which in turn results in increased AKT phosphorylation. However, the mechanism underlying the PNUTS-mediated regulation of PTEN nuclear translocation remains to be further verified. 
Conclusion
In conclusion, our data demonstrate that miR-4463 is induced in patients with T2DM as well as in HG and/or hypoxic conditions, and inhibition of miR-4463 reduces HG-and/ or hypoxia-induced EC apoptosis. Moreover, downregulation of miR-4463 enhances PNUTS expression, which promotes PTEN nuclear translocation, with increased AKT phosphorylation and increased cell survival, thus providing a rationale for the anti-apoptotic role of the downregulation of miR-4463. These data reveal that PNUTS is an indispensable downstream effector of miR-4463 and that the miR-4463/PNUTS/AKT axis has profound effects on HG-and/or hypoxia-induced EC apoptosis.
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